3GPP TSG RAN WG1 #75
  


                      

R1-135246
San Francisco, USA, November 11 – 15, 2013
Source: 

Texas Instruments 
Title:
Outstanding signaling details for TDD UL/DL reconfiguration

Agenda Item:

6.2.1.2

Document for:
Discussion and Decision
1. Introduction

For LTE Release 12 EIMTA operation, dynamic reconfiguration of the TDD UL/DL configuration shall be enabled by explicit L1 signaling. Significant progress was achieved at the RAN1 #74bis meeting regarding the details of the signaling framework. The following agreements and working assumptions were made:

· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced

· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations

· Explicit reconfiguration DCI is transmitted in at least PCell PDCCH CSS

· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in PCell PDCCH CSS

· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cells can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in PCell PDCCH CSS

· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 

· FFS whether or not to have a modification period during which the UE can assume the same configuration 

· FFS whether the UE can combine multiple DCI transmissions within the given modification period

· Working assumptions: 

· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only

· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1
· Notes:

· Signaling design for explicit reconfiguration should not be optimized for CoMP Scenario 4

· Signaling design for explicit reconfiguration should support CA 

This contribution provides further analysis of several signaling details, some of which are inter-related. These details include signaling reliability/robust operation, DCI payload size and reconfiguration of multiple serving cells.
2. Signaling Configuration and Reliability

In addition to the agreements enumerated above, more details are still required to complete the signaling framework. Firstly, if a reconfiguration DCI is detected in subframe n the detected UL/DL configuration should take effect in a future radio frame, where the latency between the detected reconfiguration command and the start of the new UL/DL configuration needs to be determined. In our view it should be up to the eNB to define this latency since it can depend on practical limitations, some of which are described in [1]. One can envision a modification window, where a signaled UL/DL configuration takes effect at a frame boundary and remains active for the duration of the modification window (also defined as a persistency window in [2]). The UE can be configured by higher layer signaling with the length of the modification window. When the UE detects a reconfiguration DCI within this window, the indicated UL/DL configuration for a serving cell takes effect at the next modification window boundary. Figure 1(a) shows an example where the periodicity is configured such that a single reconfiguration DCI is transmitted on the PDCCH within each modification window. 
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Figure 1 Illustration of a modification window where one or more reconfiguration DCIs can be transmitted in window m to indicate a change in UL/DL configuration for window m+1. The L1-signaled UL/DL configuration remains active for the length of the modification window.
It is also possible to support repetitions of the same reconfiguration DCI within the modification window as shown in Figure 1(b). The benefits of this approach include:

1) Improved reliability: a drawback of common signaling is the absence of HARQ-ACK feedback to the eNB indicating whether the UE received the reconfiguration command. Although the signaling reliability can be improved by using a higher PDCCH aggregation level, for the CSS the capacity is limited and, more importantly, it is also used for signaling system information, paging notifications and for group power control commands. Therefore allowing repetitions improves signaling reliability similarly to the existing change modification period used for transmitting system information. 
2) DRX operation: for a UE in DRX mode there are more opportunities to detect a reconfiguration command when the UE wakes up within a modification window. The alternative is a less efficient fallback procedure such as the UE only monitors for DL assignments in fixed subframes for the duration of at least one modification window.

It should be noted that the modification window is aligned with the agreement on monitoring the PDCCH in a periodic set of subframes. The eNB simply configures the periodicity such that two or more monitoring occasions occur within the same modification window. The specification impact is minimal as it is limited to specifying that a UE assumes that one or more reconfiguration commands within the same modification window convey the same information. Regarding the need for how to handle detection of multiple reconfiguration commands within a modification window, we believe it should be left to UE implementation.
Proposal: 
· If a UE detects an UL/DL reconfiguration DCI, the signaled UL/DL configuration takes effect at a future radio frame boundary.

· The signaled UL/DL configuration remains active for the duration of a modification window.

· The length of the modification window is a multiple of a radio frame. 

· If two or more reconfiguration commands are detected within a modification window with the CRC of the DCIs scrambled by the same EIMTA-RNTI, the UE may assume that the same reconfiguration information is transmitted in the detected DCIs. 
3. DCI Format and Payload Contents
For a UE configured with two or more EIMTA-enabled cells, it is agreed that a reconfiguration DCI payload may contain multiple 3-bit reconfiguration indicators when it is transmitted in the PCell CSS. This solution is readily applicable for both CA and CoMP Scenario 4. The DCI payload should be partitioned from an eNB perspective because different UEs may share the same PCell but could be configured with different SCells (or TPs in the case of CoMP). To support this flexibility, the partitioning principle of group power control commands in DCI formats 3/3A can be reused [1], [3]. 
The eNB can partition the payload into N 3-bit fields as shown in Figure 2, where N is the number of serving cells operated by the eNB. Padding bits can be added to size-match to either DCI Format 1C (or 1A if agreed). A UE is simply configured with a set of indexes that indicate where to find the 3-bit reconfiguration indicators corresponding to each configured serving cell. The only requirement is a fixed index for the PCell but there need not be a linkage between the indexing contained in the DCI and the SCell indexing for a particular UE. To illustrate for the case of two UEs using Figure 2, Index 1 can be assigned to the PCell, Index2 to SCell1 for UE1 and Index3 to SCell1 for UE2. 
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Figure 2 Example partitioning of DCI payload to support N reconfiguration indicators corresponding to multiple serving cells supported at the eNB
Proposal:
· A UE is configured with the position of a 3-bit field in a DCI that contains the reconfiguration command for each configured serving cell.

Comparison of Payload Sizes

An outstanding question is whether there any issues with confirming the working assumption that the size of the reconfiguration DCI payload is matched to DCI Format 1C. The design choice between DCI Formats 1C and 1A payload sizes is essentially a tradeoff between how many cells can be reconfigured by one PDCCH versus the misdetection probability. We assume here that the agreement on supporting CA implies reconfiguration signaling for up to five configured serving cells for a UE (at least a 15-bit payload). As discussed in RAN1 #74bis, although the 1C payload size does not provide maximum CA support for small system bandwidths, the CSS capacity is anyway limited for small bandwidths. Table 1 shows the maximum PDCCH capacity for different system bandwidths under the most optimistic conditions (1or 2 CRS ports, largest PDCCH region and smallest PHICH region with Ng = 1/6).  
Table 1 Maximum PDCCH capacity compared to CSS information payload sizes 

	System bandwidth (NRB)
	Maximum PDCCH Capacity (CCEs)
	1C payload size
	1A payload size in CSS

	6
	6
	8
	23

	15
	12
	10
	25

	25
	21
	12
	27

	50
	43
	13
	29

	75
	65
	14
	30

	100
	87
	15
	31


It can be observed that for 1.4MHz only one PDCCH candidate of aggregation level (AL) = 4 can be supported. Thus, reconfiguration signaling is limited by the PDCCH capacity and not the DCI size (similar limitation is also observed for 3MHz).  For larger bandwidths other than 20MHz, the CSS has the full complement of 16 CCEs but the 1C payload size cannot support up to 5 serving cells compared to DCI Format 1A size. It is important to note that even if many UEs may not be configured with 5 serving cells in the near future, an eNB may still operate up to 5 component carriers in different bands with different UEs sharing a common PCC but different SCCs. Therefore only using the 1C payload size has the following implications:

· If only PDCCH CSS is used, multiple reconfiguration DCIs with different EIMTA-RNTIs may need to be transmitted. 
· Furthermore, if the PDCCH only contains reconfiguration bits the working assumption is that only one EIMTA-RNTI is configured for the UE. Therefore, all serving cells configured for a UE must be grouped in the same transmitted PDCCH for the same EIMTA-RNTI assuming that the serving cells are simultaneously reconfigured. Otherwise, UE would be configured with different sets of periodic subframes for monitoring reconfiguration commands corresponding to each configured serving cell.
Using the DCI Format 1A payload size obviates the need for such complex solutions with the tradeoff of a higher SINR requirement for the same PDCCH aggregation level. Depending on the deployment scenario the higher SINR requirement of 1A may not be an issue for EIMTA operation. It can be left to the eNB to select the appropriate payload size based on deployment scenario.  
Observation:  As an alternative to the current working assumption it can be left to the eNB to determine the appropriate DCI payload size for signaling an UL/DL reconfiguration. The UE can be configured by higher layer signaling with a DCI payload size matched to either 1C or 1A. 
4. Conclusion

Several outstanding aspects for dynamic reconfiguration of the TDD UL/DL configuration have been addressed in this contribution. In summary, we propose that:
· If a UE detects an UL/DL reconfiguration DCI, the signaled UL/DL configuration takes effect at a future radio frame boundary.

· The signaled UL/DL configuration remains active for the duration of a modification window.

· The length of the modification window is a multiple of a radio frame. 

· If two or more reconfiguration commands are detected within a modification window with the CRC of the DCIs scrambled by the same EIMTA-RNTI, the UE may assume that the same reconfiguration information is transmitted in the detected DCIs. 

· A UE is configured with the position of a 3-bit field in a DCI that contains the reconfiguration command for each configured serving cell.

· Observation: As an alternative to the current working assumption it can be left to the eNB to select the appropriate DCI payload size between formats 1C or 1A for signaling an UL/DL reconfiguration.
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